INTRODUCTION
Both payers and providers agree that measures of quality are the linchpin of successful health care reform. In the 1990s, health care payers are eager to provide their customers with access to the most costeffective health care systems. To reach this goal, they must be able to accurately compare costs and performance of competing systems. Providers need to be able to measure their own performance as part of the process of improving it. Both groups need accurate data to achieve their objectives.
Two data sources frequently used to measure quality of care are medical records and administrative billing sources (i.e., claims). The development of diagnosis-related groups (DRGs) in the 1980s triggered extensive investigation of the accuracy of hospital medical records (Roos, Sharp, and Wajda, 1989; Hsia et al., 1988; Lloyd and Rissing, 1985; Feigl et al., 1988; Iezzoni et al., 1988 ) and use of hospital billing and discharge data (Wennberg et al., 1987; Roos et al., 1985 Roos et al., , 1990 Luft and Hunt, 1986; Anderson et al., 1990; Iezzoni et al., 1992; Maronde et al., 1989; Romano, 1993) . Hospital medical records have been the locus of extensive quality assurance activities and billing verification. In fact, hospital records have become the gold standard against which other sources, such as claims data and patient survey information, are compared (Roos et al., 1982; Leatherman et al., 1991) .
Less is known about the quality of ambulatory medical records and claims (Palmer, 1988; Horner et al., 1991; Lurie et al., 1992) . In contrast to hospital medical records, physicians' office medical records have escaped such careful scrutiny (Buchsbaum, Boling, and Groh, 1987; Moran et al., 1988; Romm and Putnam, 1981) . Similarly, with few exceptions (Quam et al., 1993; Graft et al., 1992) , billing information from ambulatory claims has also been studied less frequently. Because the volume and costs of ambulatory medical care are increasing, it is critical to understand the strengths and weaknesses of ambulatory-care data sources. This article compares information from physicians' office medical records with information from claims data for a population of Medicare beneficiaries.
METHODS
The data for this study come from a larger project called "Developing and Evaluating Methods to Promote Ambulatory Care Quality" (DEMPAQ). That project, which has been described elsewhere (Lawthers et al., 1993 (Lawthers et al., , 1995 Garnick et al., 1994a Garnick et al., , 1994b Parente et al., in press ), tested two methods for reviewing office-based care given to Medicare beneficiaries. DEMPAQ was funded by HCFA to evaluate techniques that could be used to implement a congressional mandate for office-based review. One method, using medical-record review, was based on activities that physicians typically perform in the course of an office visit, such as drug monitoring. The second method used ambulatory and hospital claims to profile practice patterns for chronic diseases, prevention, and general office practice. This study compares Medicare Part B claims data from the office setting with office medical-record data from a sample of primarycare physicians and their patients.
MEDICAL-RECORD DATA SOURCES
The study sample was identified from Maryland Medicare beneficiaries who had received billed medical services from a primary-care physician between July 1, 1989, and June 30, 1990 . Each beneficiary was assigned to an internist, family practitioner, or general practitioner who had provided the majority of their visits. A random sample (n = 300) of all Maryland physicians who had 25 or more Medicare beneficiaries assigned to them (n = 1,329) were invited by letter to submit copies of a 2-year portion (July 1, 1989 -June 30, 1991 of their medical records for a random subset of 20 of their patients. The physician response rate was 30.3 percent (n = 91), representing the records of 1,998 patients. Non-respondents were called at least once by the Delmarva Foundation for Medical Care, Inc., the Maryland peer review organization (PRO). Because HCFA was committed to testing a voluntary program and because recruitment time for the project was limited, no further followup of non-respondents was done.
To avoid bias, reviewers who abstracted the records did not know which codes were on the claims. We trained eight medical-record review nurses from the Delmarva PRO to use a computer-based medical-record abstraction system to search for a specified number of items, including demographic information, diagnoses, and laboratory tests and procedures. These items had been selected on the basis of their inclusion in the claimsbased practice profiles. Synonym dictionaries were created and imbedded in the computer-based medical-record review format. It is important to note that subjective clinical judgments were not permitted. For example, reviewers were not allowed to assume that elevated blood pressure readings constituted a diagnosis of hypertension if the physician had not specifically indicated that diagnosis. After the reviewers' training period, there was an ongoing 5-percent re-review, with one randomly selected medical record from each physician assigned to pairs of reviewers. Interrater reliability exceeded 95 percent.
CLAIMS AND ELIGIBILITY DATA SOURCES
A parallel set of all claims, including both institutional Parts A and B and non-institu-tional Part B claims for these 1,998 patients, was assembled from the HCFA National Claims History file. The raw claims were cleaned and organized, removing repetitive adjudication data and constructing a file that contained a single line for each unique service. Claims data were assembled in January 1992, allowing ample time for all claims to be filed that were related to the review period for this analysis (July 1, 1990 -June 30, 1991 . While claims-based analyses for the original DEMPAQ study used both Part A and Part B claims, this reliability study used only Part B claims. It was in the Part B files that we found claims submitted by the primarycare provider.
In addition to the claims, we also abstracted information from the HCFA Health Insurance Skeleton Eligibility Writeoff (HISKEW) files. This information included the Medicare beneficiary identifier, date of birth, gender, and ZIP Code.
LINKING CLAIMS AND RECORDS
Because the claims analysis for the larger DEMPAQ project was based on the second 12-month period, this study of agreement was restricted to the same 12 months (July 1, 1990 -June 30, 1991 For matching claims-based diagnoses with those in the primary-care physician's medical record, we considered only those diagnoses that occurred on bills submitted by the primary-care physician (Part B claims with the physician's Unique Provider Identification Number). In contrast, we matched laboratory tests and procedures irrespective of the billing entity, since most of these services are provided by a laboratory, even though the tests may have been ordered by the primary-care physician.
Analysis
To compare events (diagnoses, laboratory tests, and procedures) between the medical record and the claim, we calculated both percent agreement and the kappa (K) statistic (Rosner, 1986) . The percent agreement is inflated because of the large number of cases in which the event does not occur in either the medical record or the claims. The K coefficient of agreement is the ratio of the proportion of times that the sources agree (corrected for chance agreement) to the maximum proportion of times that the sources could agree (corrected for chance agreement). Its value can range from -1.0 to 1.0. While there is no predetermined level of acceptability, some suggest that a K of less than 0.40 indicates a poor level of agreement (Fleiss, 1981) .
RESULTS
Of the 1,998 medical records we received from primary-care physicians, we were able to identify activity on the claims files for 1,927. Presumably, the 71 other patients had received services in the year used to sample cases but not in the subsequent study year. Analyses for demographics and tests/procedures are based on those 1,927 medical records. Of the 1,927 medical records, only 1,596 had indications of any visit to the primary-care physician in the medical record during the 12-month study period; therefore, the analysis of diagnoses is based on those 1,596 cases.
Demographics
As shown in Table 1 , the data from the HISKEW files and the medical record agree well for name and gender only. Name matched in 99.4 percent of cases (when misspellings are considered as matches), and gender matched in 97.7 percent of cases. For all other demographic data, there is a striking lack of agreement. The patient ZIP Code matched in only 40.3 percent of cases, and date of birth matched in 58.5 percent of cases. Determination of whether the patient was alive at the end of the review period or had died (death status) agreed in 34.3 percent of cases, even given that reviewers were allowed to infer that medical-record activity after the end of the study period constituted evidence of survival through the study period.
Diagnosis
We searched the medical record for the explicit mention of any of 27 different diagnoses anytime during the study period. Only 1,596 medical records listed any physician visits at all during the study period. Matches were not made for specific dates, but rather we defined as a match any code of the diagnosis in the claims submitted by the primary-care physician during the 12-month study period, compared with any verbatim mention in the medical record in the same timeframe. The percent agreement ranged from 74.9 percent for hyper- tension to 99.7 percent for ketoacidosis (Table 2) . However, the percent agreement is inflated because many patients did not have the disease, thus increasing the match of "not in records nor in claims." As shown in Figure 1 , the range for the K statistic is from 0.0 to 0.72. K met or exceeded 0.40 for only six of the diagnoses. The best agreement, as measured by K, was for the most serious major chronic diseases (congestive heart failure, chronic obstructive pulmonary disease [COPD] , diabetes, hypertension, rheumatoid arthritis, and transient ischemic attack). Generally, diagnoses appeared more often in the record than in the claims. Notable exceptions to this pattern included potentially severe acute conditions that appeared more often in the claim than in the medical record, such as acute myocardial infarction, diabetes, hypertension, ischemic heart disease, and pneumonia. These mismatches surprised us, since we had been expecting severe diagnoses to always be noted in the primary-care physician's record. Therefore, we conducted a re-review of a small sample of these records. Two reviewers (not among the original 8) independently reviewed 21 medical records. The records were selected because claims indicated that the beneficiary had a disease, while the original medical-record review indicated that the beneficiary did not. Six diseases of special interest (diabetes, congestive heart failure, COPD, hypertension, ischemic heart disease, and osteoarthritis) were included. For re-review, the reviewers knew the specific diagnosis that the claims had indicated, and the reviewers were allowed to use supporting clinical evidence to answer the question, "Does this physician think this patient has this disease?" Acceptable evidence included a mention of the specific diagnosis before the 12-month study period or other clinical indicators, such as prescribing micronase and following blood sugars as substantiation of diabetes. When the two reviewers did not agree (as happened in two cases), the case was reviewed by a family practitioner whose judgment was accepted. In almost one-half of the cases, the diagnosis had been noted in the previous 12 months. In three additional cases, there was clinical evidence indicating that the physician was treating the patient for that disease. Data-abstraction errors were relatively uncommon and went in both directions; that is, in two cases the initial reviewer had missed the diagnosis, and in two cases the claims assignment appeared unwarranted. In fact, 81 percent of all cases with no verbatim mention of the diagnosis in the medical record were verified as having the condition noted on the claim, when this broader definition of a match was used. In 9.5 percent of the cases, the condition listed in the claims was not supported with any evidence in the medical record; the final 9.5 percent of cases were indeterminate because the records were illegible.
Laboratory Tests and Procedures
In contrast with our uncertainty about the validity of diagnoses in claims or medical records, we can regard the claims as a reasonable gold standard for whether or not the patient received any laboratory test or procedure. The strength of this conviction rests on the fact that physicians are paid only for procedures for which they submit bills. Accurate diagnosis is not required for payment. As shown in Table 3 , percent agreement ranged from 68.1 percent to 99.8 percent, and K ranged from -0.02 to 0.73. In general, the correspondence between claims and medical records is worse for tests and procedures than for diagnoses. Not unexpectedly, tests and procedures appeared more frequently in the claims than in the medical record. However, it is more difficult to interpret the "in claim, not in records" information because of billing patterns. Claims do not currently carry information about who ordered the test or procedure, only who billed for the test. Therefore, tests could have been ordered by some other physician and not found in the primarycare physicians' office medical record. Additional explanations may include that the test was not filed in the medical record, that the report was not copied for review, or even that there was fraud and the test was billed but not done. In any case, these results suggest that much testing is being conducted of which the primary-care physician is probably not aware.
The other type of mismatch -in which we have evidence of the test in the medical record but not in the claims -is more problematic. We commonly believe that a physician would submit a claim for any billable procedure because there is a financial incentive to do so. Several plausible expla-nations for why a bill would not exist for a procedure or laboratory test that was done include:
• The tests could have been done in the hospital and grouped as part of a revenue code.
• A bill would not be sent to Medicare for tests or procedures that Medicare does not cover (e.g., at the time of the study, screening mammograms or influenza immunizations).
• A physician or laboratory forgot to submit a bill.
• There were errors in entering the bill into the Medicare system.
DISCUSSION
From the results of both our principal and followup analyses of claims-based diagnoses, we conclude that when the claim indicates that a patient has a disease, the person probably has the disease. Our second, unblinded, and more subjective review allowed us to identify a number of diagnoses in the medical record that the initial, blinded, objective review had missed. However, the claims do not identify all people with the disease. We conclude that ambulatory claims are less useful in documenting the prevalence or incidence of diseases because they understate the disease rates. There were many instances of disease being documented in the medical record but never appearing in the Part B claims. Therefore, the usefulness of claims depends on the nature of the question being asked.
For many quality assurance purposes, claims can be an important resource, since we are often more concerned with rates of certain procedures being done for patients with given conditions (e.g., the number of people with diabetes who had a hemogloblin A1c), rather than the total number of people who had the condition. From quality of care guidelines, we can identify at least a subset of the populations of relevance (the denominator) and many of the processes of care (the numerator). Both the numerator and denominator can be identified using claims information. When measuring quality improvement, we are often looking at rates of performance, and we prefer to give providers the benefit of the doubt. We do not want to inflate the denominator with inappropriate cases, because the result would be a lower performance rate than is warranted. An example of how powerful this type of qual¬ ity-of-care analysis can be is demonstrated in a recent article using data from the original DEMPAQ study (Weiner et al., 1995) .
The findings of this research support the conduct of studies in the quality of care. Such studies must increasingly focus on the care delivered in primary-care settings. Primary-care sites are an essential component of the health care delivery system because of the frequency of interactions that occur in that setting and the seminal nature of such interactions. Adequate primary care can avert more costly hospitalization through the delivery of preventive services and the management of chronic diseases. Furthermore, management of post-hospital care increasingly occurs in the primary-care setting. With the emergence of managed care and the reduction in hospitalization rates and length of stay, primary-care office settings move to the forefront of quality-of-care research.
Other quality-of-care initiatives also depend on interpretable primary-care data. For example, there is a surging volume of guidelines aimed at improving the quality of care and reducing practice variation. To be effective, these guidelines need adequate measures of performance for giving feedback to providers. Feedback information depends on having understandable and accessible measures of the processes and outcomes of care. Providers need to understand the strengths and limits of these measures before they can accept practice profile results and work to improve their care.
Caution needs to be exercised in interpreting and generalizing from these results for three reasons. First, these records come from primary-care physicians only. Specialists may have different documentation practices. Second, these analyses are based on records from volunteer physicians who may have better medical records than non-volunteers.
1 At a minimum, the medical records from volunteers were more likely to be legible, and the volunteer physicians felt comfortable providing their records for use in developing measures of the quality of health care. Third, the diagnosis-recording habits of physicians in solo or small group practices in Maryland may not be generalizable to all physicians in all practice settings. For example, in a similar study conducted in a large midwestern multi-specialty group practice, verbatim mention of a chronic disease was missing in only 1 of 200 cases (Health Research Center, 1994) . Further research is required to determine the variation and associated factors in documentation patterns.
The medical record did not provide a good demographic profile, but this weakness may have been a function of the initial request made to participating physicians. We had requested transactional information for a 2-year period (visits, laboratory notes, X-ray reports, consultation notes, hospitalizations, etc.). Most of the lack of 1 As part of the original DEMPAQ project, we conducted a separate comparison of the practice characteristics of volunteer and non-volunteer physicians. Using claims data to compare the two groups, we did not find significant differences between volunteer and non-volunteer physicians in terms of age, type of practice (solo versus group), geographic location (urban versus rural), quality of care, and hospital use. General practitioners were less likely to participate than family practitioners or internists (Delmarva Foundation for Medical Care, Inc., 1993). matching for demographic characteristics was due to missing information in the 12-month portion of the medical record that was reviewed. This finding suggests that the visit section of the medical record alone is an insufficient source for providing demographic information. The primarycare physician possibly maintains separate registration files that contain some of the missing elements. Alternatively, such information may have been recorded on a medical-record facesheet that was not submitted. Similarly, an explicit request for information subsequent to the close of the analysis period would have yielded information allowing us to conclude that the patient was still alive.
In contrast to hospital medical records, ambulatory records cannot now be considered a reasonable gold standard for diagnoses, testing, or procedures, because the records often lack complete documentation. For example, when a diagnosis is missing from the medical record but appears in the claims, despite no verbatim documentation of diagnosis, the disease often is being actively managed. Moreover, common, serious chronic diseases are frequently not explicitly named in these physicians' office records. This documentation pattern is distinctly different from that in hospital records and requires a different review strategy. To assess whether the physician is treating the patient for a particular disease, the reviewers must be trained to use consistent clinical judgment to draw conclusions about diagnoses. Such a strategy requires a higher level of clinical expertise and training to achieve valid and reliable results. These knowledge and training requirements, in turn, make reviewing office records more expensive than usually is anticipated.
Clearly, Medicare claims can indicate much activity of which the primary-care physician may not be aware. The results of this study suggest that the role of primarycare physician as the coordinator of care is not being fulfilled. One can ask whether or not the total numbers of procedures would be reduced if this coordination function were to be achieved. Further research is required to assess the cost-effectiveness of coordinated care, and could be done with data like those described in this article. Separate studies examining the medical records of specialists with claims or the medical records of all providers with claims could offer a more complete picture of the use of ambulatory-care claims.
Our finding points to potential new applications of claims for alerting physicians to other care that is being rendered. A common electronic medical record that is accessible to all providers would provide such information. Until claims and medicalrecord data merge in an electronic medical record, we must continue to use the available information sources to inform our judgments about the quality of care. These judgments will be wiser when tempered with knowledge about the strengths and limits of the data for specific applications.
